



















































































































































































































































－ →－ → _
肌以＝－ｊｗ×.Aリーピレ,似人レーｗ,似
andtherefOre,becauseｏｆ(2.22)，
LcYisXf４α１
０）
鈩似し;レ
ア↑岬i〃
(2.17）
(2.18）
－
Wllereβisassumedtobesomeconstantcomplexvec‐
miieldan…iMverse,ｉＭ＝参Andｱﾙi，
astrengthofthecomplexMaxwellfiｅｌｄＡ似：
Ｍ似＝－ﾋﾟﾝ,似ん＋仰， （2.23）
whereweputX＝＝YxW・
HereitshouldberemmkedlhatthelocalLorentz
transfOImations（｡勿似＝（似＝０，６６kリー
ーLUm胸(範艸似)arenowreducedtoUlecomp化xphase
transfO1mationsfOrthecomplexMaxweUfieldA似．
Accordingly，thisfactleadsussuchanexpectauoｎ
ｔｈａｔｗｅｍａｙｂｅａｂｌｅｔｏｃｏｎｓｌｒｕｃｔｔｈｅtheoryfOrthe
Lorentzgaugeiieldbeingnowidentifiedwithancom-
plexMaxwelliieldmtennsofagaugeIheorybasedon
anextendedphaselransfOrmaUonThisproblemwUl
bediscussedinIhenextsectionAdditionallyうitshould
benotedthatanylocalLorentztransfOrmaUonscanbe
composedofthefO11owingtwoparts：
－●
（１）tllerotationaboutaparallelaxistoβ:inIhiscase
→→ _
Ｗ×/β＝０，sothatJ/Ｂ＝ＯａｎｄＭ“＝岬．
→
（２）tllerotationaboutanaxlspelpendiculartoβ:in
IhiscaseX＝-毛ＹＷ＝0,andJβ＝－ｊＷｘβ→ →→
ａｎｄＭ/』＝０．
FinaUyうwenotethatbecauseofthetransfOrmation
_ __
property(2.22)ｏｆβ,Ihequantityββ(andtherefOre
itsrealpartβ1andimaginarypartβ2too)isinvariant
underanyPoincar6gaugetransfbnnations．
ＪＥ〕ルール,似一Ａ似,〃．
AdditionaUyうwenotealsolhatthefieldequation(2.17）
cａｎｂｅｗｒｉｔｔｅｎａｓ
念(瑚十(孟卿Ｗ１，）
念にsHrⅦ)鶚)(220）
レ
レ
レ
レ
必
．
必
，
■
上
ｏ
Ｐ
Ｆ
Ｐ
wherelherealheldsA似ａnｄＢ似ａ1℃dehnedbyA似＝
A仏十iB沙andFLandFf"aMhecorrespondingreal
fieldstrengths,respectively・
OntheoUlerhand，theenergy-momenmmtensor
(2.7)fOrtheLorentzgaugeiieldisthengivenby
Ｔｍ＝Ｍ{1Ｍ入~芋FWA儘一卿ハ
＋芋Ｆｗ入臘}-Ｍ{唖入〃
＋ＦＭＬ等Fjw入臓｝（221）
WhereweplMβ三β1＋iβ2.WeshaUseelaterthatβ，
andβ2areinvariantunderanyPoincar6gaugetransfOr-
matlons． ３GaugetheoIybasedonextendedphasetransfO好
mations
3･lExtendedphasetransfOrmation
Letusconsiderasetoftwohelds⑩，ａｎｄ⑩2,ｅａｃｈ
(both)ofwhichmaybeaDiracorMajoranaiieldor
others：
⑩=(霊;）
AndweassumethaMhefreeiieldactioｎ
2.6Gaugetransfbrmations
InthissUbsectionweconsiderthetransfOnnation
→
propertiesoftheconstantheldsβandlhecolnplex
MaxwellfieldA似underthePoincar，egaugetransfOr-
nlations(2.1)．
WecaneasUyseefromthetransfOrmatiogproperty
ofFhm似u,thatthecomplexiieldstrenglh鈩似〃trans-
fbrmsas '魑=/仙叱ui4Mtwi）（31）〃必し＝－ｊｗ×抑"＋（似,入ダル＋(し,入云い，_ →→
→
whcrcweput(Ｗ)｡＝LJo｡＋；Ea6cル,whichisjust
arotatlonvectorinacomplex3-dimensionalspace．
isinvariantunderthefO11owingphasetransfbrmations：
Ⅲノーｅ－ｉ７ｍＬ （3.2）
AbeliansolutioninPoincaregaugetheoryandextendedphasetransformations- 3７
Ｈｅｒｅ７ｉｓａ２×２hermitianmatrixdefinedas
7＝αＥ＋ｊ６Ｉ，
FromthisfieldstrengthHmanditscomplexconJu‐●
gate鰯mwecanmakcIhefO11owinginvariants：
ｎm〆、，鍬､〆、，鰯､〆*純whereaand6arerealparametels，ａｎｄＥａｎｄＩａｒｅ
２×２unitmatrix(willbeomittedhereafter)ａｎｄthe
２×２representaIionofimaginaryuniM,respectively・
MathmaticaUyspeakmg,thosetransfOnnationsbelong
toanAbehansubgroupofU(2)．
Incidentally，anyquantitieslikem｢↑⑩ａｎｄ
⑰↑0ｍ⑪,…areclearlymvariantunderabovetrans-
fbrmaUons,sinceIhegeneratolsEandIconunute．
AndusingIheseinvariantsweconstructtheinvariant
actionL4fOrtheiieldAかTnkingthereahtyofthe
actionintoaccountwehave
LF〃… (3.3）
3.2ThegaugetheoIy
WeconsiderhereIhegaugedinhnitesmaltransfOr-
matlons
where２
c』=(等"ん＋影ハ
ノC＊＋丁魂､鋪p)9k"gmp．
6m＝－ｉ７ｍ） Ｊ⑪↑＝ｊ⑪↑７，
where
γ＝７位)。α＝α(z),６＝6(z）
K1isalealconstantand比＝Ｋ２＋iK3IfOrrealsK2
andK3
NexLusingtheaction(３３)ｗｅａｒｅｇｏｍｇｔｏｃａｌ‐
culatetheenergy-momenmmtensorfOrtheheldA作
Accodingtotheordmaryprocedure[9]wecangeteas‐
UyIheresult
TYleacUon（3.1）isnolongerinvaliantunderthese
transfOnnations・Howevenwecangettheinvariant
actionbymeansofthereplacementoflheordinary
derivativeam⑩mtheoriginalactionbythecovariant
one▽ｍｍｒ・Herethecovariantderivative▽mUrisgiven
by
▽ｍ⑩＝小Ｗ＋Ｍｍ⑪
ｗｉｔｈ
Ａｍ＝Ａ為十iA誌I，
wherM糸andA急aMworealgaugcvectorfieldsh
ordertokeepIheactioninvarianceunderthegauged
transfOrmationsthegaugefieldAmmusthavethe
transfOrmationproperty
2Ｋ,(ﾁ;ｉｉＪＷｍ＋葱､鍋､）
）C(八mみ、＋ｎｍＢｍ）
兀率(’;ｉｎ鰯、＋〃m埒､)-29Ｍ人，
四Ａ
＋
＋
ｏｒ
4(K`+K,)(ＦＷ－ｉＭ１ｍＦ…）
4(肝Ｋ２)(鴫噸-$脱蝋臓F…）
4K3(鴫醗、＋畷､犀、
;伽E1mF…） （3.4）
44ｍ＝８ｍ７． ｎＡ
3.3Invariantaction
TheiieldstrengthnmfOrlhegaugeheldAmcan
begottenbycalculatingIheconmnutator
＋
［▽片,▽m]Ⅵ＝jnmm
Thennmcanbewrittenas
ｎｍ＝F1lm＋jF1:mＩ
TYlisexpressionshouldbecomparedwithIheene屯y-
momenmmtensorfOrtheLolentzgaugefield(2.21)，
thenwefindthatbothenergy-momenmmtensorscoin-
cideif
ｗｉｔｈ ■上、ワニ、
幻
Ｕ
ｎ
Ｕ
Ａ
Ａ９斤，
パ
｜｜｜｜
脇鴫 １ｋ２
ｋ
Ａ
Ａｍｍ
ｎｏｎｏ Ｋ１＝２α1β１，Ｋ２＝０，Ｋ3＝－２α1β２．（3.5）
ZHerewearetIcatingthefieldin
momenmmtensoI；
aHatspacetimebackgroundButweusefblmallythemetricg片、’９代ｍｔｏｇｅｔａｓｙｎⅡnetricenergy-
3８ Shin-ichiNAKARIKI,YuichiKoDAMAandDaisukeYAMAMoTo
3.4Diraclieldasasource Thiscoincidence，togetherwithIhecoincidence
oftheenergy-momentumtensor,appearstoimplyan
equivalencyofthecomplexMaxwelltheoryreduced
fｒｏｍＰＧＴａｎｄｏｎｅｄｅｒｉｖｅｄｆｒｏｍｔｈｅｇａｕｇelheoly
basedonextendedphasetransfOrmationsIfso，we
canconcludelhatlheLorentzgaugefieldmustbegen-
eratedbyapairofatleasttwoDiracfields・HereIhe
tenn``ａｔleast，，meansthefactthatsincethecomplex
MaxweUfieldA似isaspecialoneoftheLorentzgauge
_ －
iield:ＡＡ…＝Ａ似＝＞｜肌沙wemayneedgenerally
moreIhantwoDiracfields．
Ｗｅｈｅｒｅａｓｓｕｍｅｔｈａｔｔｈｅｈｅｌｄｍ「ｉｓａｓｅｔｏｆｔｗｏ
ＤｉｒａｃｆｉｅｌｄＷ’ａｎｄｕ,2．Thenwehavethefbllowing
mvanantactionfbrthetotalsystem：
h=〃(;w▽ｌ;▽鵬wU-mw）
＋〃(等”鵬纒+二Ｍ辮輌+"）
（3.6）
Where⑪and7karegivenintelmsoftwo4-component
DiracfieldsJ1andU12andDirac，sgammamamces7D
by
⑩=($;沖diI鵬=(Ｗ)）
respectively
BythevariationalprinciplewecanderivethefO1‐
lowingequations：
（i7隊▽鷹－ｍ)⑩＝０，
or,interlnsofeachfield1,1ル２
ｉ７片(6膳＋Ｍルル１－ｍ⑫'＝Ｍ:７１V２，（3.7）
ｊγ脆(0府＋iAjW2-m⑫2＝－jA2W11，（38）
４Summaryandconclusion
lnthispaperwetreatewithamodelofPoincar6
gaugetheorywhichisreducibletoacomplexEinstein-
MaxweUIheory・ＯｎＵｌｅｏｔｈｅｒｈａｎｄ，weproposea
gaugetheorybasedonanextendedphasetransfOnna-
uon・Andwehaveshownthatboththeoriescancoin-
cideatleastfblmally・Accodingtothiscoincidence，
wemferthattheLorentzgaugefieldshouldbecreated
byapairofatleasttwoDiracfields・HoweveEwe
donotknowatthisstagehowmanyDiraciieldsare
neededThisprOblemmaybesolvedbyresea1℃hinga
gaugetheoryequivalenttoacomplexYang-MiUslhe‐
oly・Anyway,itseemstobeinterestingtodiscussabout
ablackholeofsuchsourcesasbemgabletocreatethe
Lorentzgaugeheld．
andalsofOrtheconlponentiieldsofcomplexMaxweU
field
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